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We investigated the relationship between mean annual
rainfall (MAR) and the population growth (1993–2002) of
Themeda triandra, to test the hypothesis that annual
rainfall is a factor controlling the potential distribution
of this palatable, perennial bunchgrass on the shrub-
dominated plains of the southern Nama-karoo.
Seedlings of T. triandra were raised from seed collected
in the northeastern portion of the Eastern Mixed Nama
Karoo where the long-term MAR is 448mm. One
hundred seedlings were transplanted in a shrubland in
the southwestern portion of the Eastern Mixed Nama
Karoo approximately 250km from the site of seed
collection. The long-term MAR at this transplant site is
322mm and the site was open to grazers. Another 150
seedlings were transplanted in a shrubland of the Great
Nama Karoo located a further 250km to the southwest.
The long-term MAR at this site is 156mm and two-thirds
of the seedlings were transplanted in a plot closed to
grazers while the remaining transplants were exposed
to grazers. Births and deaths of the grasses were
monitored for nine years, and nine years of annual
rainfall were obtained from climatic records. The T.
triandra population in the southwestern portion of the
Eastern Mixed Nama Karoo grew exponentially when
MAR was 316mm and grazing was permitted. In
contrast, population growth in both grazed and
ungrazed treatments in the Great Nama Karoo site was
zero when MAR was 230mm. These results show a close
relationship between MAR and the population growth of
T. triandra and suggest that the potential distribution of
the grass in the Eastern Mixed Nama Karoo is larger
than its present distribution.
The Nama-karoo is a semi-arid and arid biome covering
nearly 300 000km2 of the surface area of South Africa (Low
and Rebelo 1996, Figure 1). Vegetation in the eastern,
semiarid region of the biome is a mixture of grasses and
shrubs. Moving westwards, aridity increases and shrubs
become more abundant than grasses (Acocks 1953, Bond
et al. 1994, Smith 2000). Reports by early visitors to the
southwest of the biome suggest that grasses were more
common there about 150 years ago (Acocks 1953, Milton
1992). On the plains of the Eastern Mixed Nama Karoo (Low
and Rebelo 1996) in the region south of the Gariep (Orange)
River (Figure 1), shrub abundance has increased at the
expense of grasses where once there was a broad transition
zone of shrub-grass mixtures associated with a relatively
high summer rainfall (Acocks 1953, Bond et al. 1994). Long-
term heavy grazing by domestic stock is hypothesised to
have eliminated many palatable grasses in the southern and
western parts of the Nama-karoo and increased the
abundance of dwarf shrubs (Acocks 1953, Roux and Vorster
1983).
Themeda triandra Forssk. is a tufted, rhizomatous grass
with high palatability (Van Oudtshoorn 1999). Acocks (1990)
mapped its distribution in the first half of the last century as
extending to longitude 22°E in the west of the biome (Figure
1). Smith (2000), working in three vegetation types of the
southern Nama-karoo (Figure 1), reported that of five sites
sampled along a rainfall gradient in 1991/1992, only the one
associated with a mean annual rainfall (MAR) of 456mm and
lying in the northeastern region of Eastern Mixed Nama
Karoo supported T. triandra (Figure 2). In contrast, the grass
was not found on the drier southwestern plains of the
Eastern Mixed Nama Karoo nor in the other vegetation types
further southwest where the MAR was 335mm and less
(Figure 1). In this latter region small populations of the grass
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are found only on rocky hillsides that sheep avoid (Acocks
1979, Milton 1992). These accounts on historical vegetation
change, rainfall, grazing and grass distributions led us to
postulate that annual rainfall is a factor controlling the
potential distribution of T. triandra on the shrub-dominated
plains of the southern Nama-karoo. We tested this
hypothesis by investigating the relationship between MAR
and the population growth of T. triandra using transplant
experiments established in shrubby vegetation at two sites
of contrasting annual rainfall.
Seedlings of T. triandra were raised from seed collected in
1991 on the farm Hillside (Smith 2000), located in the north-
eastern portion of the Eastern Mixed Nama Karoo (Figure
1). The first site of transplantation was established on the
farm Zoetvlei in the southwestern portion of the Eastern
Mixed Nama Karoo approximately 250km from Hillside
(Figure 1). A second site of transplantation was established
on the farm Trakaskuilen in the Great Nama Karoo,
approximately 500km southwest of Hillside (Figure 1). Long-
term MAR differs significantly between sites of seed
collection and transplantation, and between sites of
transplantation (Table 1). Annual rainfall is highest on
Hillside and lowest on Trakaskuilen. Trakaskuilen occurs at
a lower altitude than the other sites and Zoetvlei
experiences the lowest mean annual temperature (Table 1).
Soils on Hillside and Zoetvlei belong to the Sterkspruit form
and are equivalent to alfisols and aridisols, while soils on
Trakaskuilen belong to the Mispah form and are equivalent
to entisols, inceptisols and aridisols (MacVicar et al. 1977).
Trakaskuilen has the highest soil pH and P concentration but
otherwise the amounts of clay, Total N and K are similar
among the sites of seed collection and transplantation (Table
1). Dwarf shrubs dominate the vegetation at both recipient
sites (Smith 2000) but these sites do not differ significantly
in shrub cover (Table 1). During the study period (1993 to
2002), the vegetation on Zoetvlei was grazed mainly by
Merino sheep and on Trakaskuilen by Angora goats and
Merino sheep. However, annual records of stocking rates for
the study period were incomplete and a comparison of
grazing pressures between the transplantation sites was not
possible.
Fifty six-week-old T. triandra seedlings were planted in
open areas and another 50 under the canopies of
Eriocephalus spinescens Burch. shrubs on Zoetvlei in
December 1992 in a 160-m2 plot open to sheep. In the same
month at Trakaskuilen, 50 seedlings were planted in open
areas and another 50 under the canopies of Eberlanzia
spinosa (L.) Schwant. shrubs in a 275-m2 plot closed to
sheep and goats. Another 50 seedlings were planted under
the canopies of E. spinosa shrubs in an adjacent 98-m2 plot
where grazing was permitted. All plots were divided into
grids of contiguous quadrats to enable easy relocation of the
transplanted seedlings and subsequent offspring. The
positions of the transplanted seedlings were marked using
numbered tags attached to metal stakes or nails implanted
in the soil within a 15-cm radius of the seedlings. Seedlings
at both sites were watered lightly for six weeks after planting,
after which watering was stopped and the surviving
seedlings comprised the initial population sizes in the three
plots. Thereafter, on eight occasions over the next nine
years the numbers of dead transplants and numbers of new
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Figure 1: Location of the Nama-karoo biome in South Africa (inset)
and locations of five field sites (filled circles) in three vegetation
types of the study area. Vegetation types are the Great Nama Karoo
(53), Central Lower Karoo (54) and Eastern Mixed Nama Karoo
(52), following Low and Rebelo (1996). The dotted area in the main
map represents the historical distribution of Themeda triandra (from
Acocks 1990). Hillside (HS) was the site of seed collection and
Zoetvlei (ZV) and Trakaskuilen (TK) were the sites of
transplantation of T. triandra
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Figure 2: Relationship between mean annual rainfall (1931 to
1965) and the relative cover of Themeda triandra (1991/1992) at
five field sites in the southern Nama-karoo. The mean annual
rainfall at ZV overlaps that of another site. Names and locations of
the field sites TK, ZV and HS are given in Figure 1. Data are from
Smith (2000)
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offspring (seedlings, juveniles and adults) and dead
offspring from the previous assessment were recorded by
systematically searching each quadrat in a plot. The
positions of offspring were marked similarly to that of
transplants to enable their easy relocation in the next
assessment. Population size at each assessment was
calculated using the equation Nt+1 = Nt + B – D (Silvertown
1987) where B = number of new offspring (births) and D =
numbers of dead transplants and offspring (deaths)
between one assessment (t) and the next (t+1). Trends in
population size and births and deaths were analysed using
linear and exponential regressions (SGPLUS 1993). Nine
years of annual rainfall data covering the period 1993 to
2002 were obtained from a rainfall station located 5km
away from Zoetvlei, and from four rainfall stations located
within a 40km radius of Trakaskuilen (CCWR 2002). In the
latter case an average annual rainfall was calculated for
each year using data of the four stations. Student’s t-test
for paired data (Zar 1996) was then used to determine the
difference in MAR between the transplant sites.
During the study period the MAR (±SE) for Zoetvlei was
316 ± 21mm which was significantly higher than the 230 ±
14mm for Trakaskuilen (t = 2.95, df = 8, P < 0.01). The
grass population open to grazers at the site of higher MAR
grew exponentially (Y = e(4.11 + 0.14X), n = 9, r = 0.85, P =
0.004) over the nine years (Figure 3). In contrast,
population growth at the site of lower MAR was zero after
nine years in both the grazed and ungrazed plots (Figure
3). Birth rates were most affected by the change in MAR
with the numbers of offspring increasing linearly with time
(Y = –18.37 + 18.71X, n = 9, r = 0.89, P < 0.01) at the
higher MAR. Death rates on the other hand remained
constant and of similar magnitude between sites over the
study period.
Our results show a close relationship between MAR and
the population growth of T. triandra based on
measurements at two sites in the southern Nama-karoo. In
shrub communities where canopy covers were less than
30%, population growth of the grass increased
exponentially under a MAR of 316mm in the Eastern Mixed
Nama Karoo site but showed zero population growth under
a MAR of 230mm in the Great Nama Karoo site. Even
though the nine-year MAR on the latter site was unusually
high compared to the long-term mean of 156mm, it was still
insufficient for births to exceed deaths and for populations
to increase in size. Preliminary measurements of flowering
and seed production between the two sites suggest that
seed production was considerably less in the Great Nama
Karoo populations (unpubl. data) which could account in
part for their low amounts of seedling recruitment.
We suggest that annual rainfall is a factor controlling the
potential distribution of T. triandra in the shrubby
vegetation of the southern Nama-karoo. Acocks (1990)
depicts the distribution of the grass as once extending
throughout the Eastern Mixed Nama Karoo but absent
from most of the Central Lower Karoo and Great Nama
Karoo (Figure 1). Our findings of zero population growth of
T. triandra on the arid western site in both grazed and
ungrazed treatments may indicate a climatically-controlled
absence of some palatable grasses in the western Nama-
karoo rather than the effects of overgrazing as
hypothesised by Acocks (1953) and Roux and Vorster
(1983). Acocks (1953, 1979) and Bond et al. (1994) further
argue that the drier south western plains of the Eastern
Mixed Nama Karoo were once more grassy and less
shrubby than today. The exponential growth of our T.
triandra population in this region suggests that the
potential distribution of this palatable grass in the Eastern
Mixed Nama Karoo is larger than its present distribution
and that overgrazing might well have caused its distribution
to retract to the wetter eastern region of the biome.
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Table 1: Environmental conditions of sites of Themeda triandra transplantation (Trakaskuilen and Zoetvlei) and seed collection (Hillside) in
the southern Nama-karoo. Values for soils and shrub cover are means ± SEs
Site
Variable Trakaskuilen Zoetvlei Hillside
Latitude (S) 32°57’ 31°34’ 30°10’
Longitude (E) 22°33’ 24°13’ 25°48’
Altitude (m) 1 042 1 565 1 500
Mean annual temperature (°C) 17.5 14.2 16.2
Annual rainfall
Rainfall record (yrs) 37 68 69
Mean ± SD (mm) 156 ± 63 322 ± 118 448 ± 173
Soils
Clay (%) 17 ± 2 16 ± 2 16 ± 1
PH 6.2 ± 0.2 5.3 ± 0.2 5.3 ± 0.02
Total N (%) 0.11 ± 0.01 0.10 ± 0.01 0.11 ± 0.01
P (µg g–1) 23.9 ± 3.4 3.8 ± 0.4 3.7 ± 0.5
K (µg g–1) 195 ± 36 208 ± 18 221 ± 23
Shrub cover (%) 28 ± 3 2 9 ± 2 5 ± 1
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